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ABSTRACT

In this study surface tension measurements were made on tetradecylpyridinium bromide (TPB) solutions both in water and in solutions
containing various concentrations of impurities.

Three impurities

were studied, dodecyl alcohol, decyl alcohol and dodecylpyridinium
bromide.

Surface .tension vs. time plots were constructed and show a

definite dependence on the

conc~ntration

of the impurity added.

As

the concentration of the impurity increases the equilibrium surface
tension decreases.

The decrease in the equilibrium surface tension

is also dependent upon the concentr at ion of the tetradecylpyridinium
bromide.

As the concentration of the surfactant (TPB) increases the

effect of the impurity is reduced.
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INTRODUCTION
An organic molecule that has a polar or ionic "head" group on one
end and a long hydrocarbon "tail" on the other is referred to as a surfactant.

These surfactants are surface active when placed in water be-

cause the polar or ionic "head" group has a strong affinity for water
which causes the molecule to be water soluble, \vhile the attraction of
the hydrocarbon "tail" to water is about equal to the attraction of one
hydrocarbon molecule to another hydrocarbon molecule.

Hm..rever, water

molecules have a much stronger attraction for other water molecules thDn
for the hydrocarbon "tails".

Therefore the w.:1.ter molecules push the

hydrocarbon "tails"out of the water phase and the surfactant molecules
tend to collect at the sur face with the po 1 ar or ionic ''h2ad" group in
the water phase and the hydrocarbon "tail'' out of the \Jater phase.
The dependence of the surface tension of aqueous solutions of surfactants upon the concentration of the surfactant has been studied by
several authors in the past.

Work done in this area shows that the

minima obtained in the surface tension vs. concentration curves are
due to impurities in the system.

Two approaches have been used to

ve:::cify the theory: purification and then addition of known amounts of
impurities, and stepwise purification by either foam fractionation or
recrystallization.

Both methods show dependence of the minima on the

impurity in the system.

After purification, the relationship of the

surface tension to the concentration conforms to the Gibbs equ2tion.
Very little 1or.k has been done in the area of time
T..

the surface tension.

depende~:c:r

cf

Theoretically there should be no change in the

surface tension of a solution with time.

The scattered work that has
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been done on the time dependency of surface tension gave only vague
hope that the time factor could be cleared up in a similar fashion.
For this reason it became very interesting to see if there is a relationship between the time dependence of the surface tension measurements and the purity of the system.
clear up several discrepancies.

If this could be done it would

This too could be used as a quick

criterion of purity of surfactants.

Up until now a series of con-

centrations had to be made up in order to check the surface tension
vs. concentration curve to see if a minimum existed.

If a minimum

did exist, then after purification, another series of concentrations
had to be made so that the curve could be made again.
had to be repeated until the minimum disappeared.

This process

However, if the

time curve proves as reliable as the concentration curve, then just
one solution need be available in order to do a time study and to
check the purity of the surfactant.
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LITERATURE REVIEW
Surface Tension Measurements

The surface tension or surface free energy of many substances
has

been studied.

The surface \-.Thich was observed was either a gas-

liquid, liquid-liquid, solid-liquid, gas-solid, or solid-solid interface.

This paper is concerned with a gas-liquid interface, and when-

ever a surface is mentioned, it will be the gas-liquid interface.
There are many ways of studying and measuring the interfacial
tension of a gas-liquid interface.

Adamson (1) gives a good revie\-.7

of the methods of measuring the surface tension as do Padday and
Russell (2).

The latter authors state that detachment methods disrupt

the equilibrium and cause a slight error in measuring the surface tension.

They reconunend that a nondetachment method be used.

One of the

better methods seems to be the Wilhelmy slide method (3) which can be
used either as a detachable plate or as a nondetachable plate.
There are several recording balances that can be constructed.
One is reported by Dognon and Abribat (4) and another is described in
a paper by Mauer (5) which even supplies a schematic of the electronic
circuits.

Another by Padday (6) also gives a schematic of the circuits

and a picture of the completed balance as well as instructions on hew
to use it and some results obtained with this balance.

These balances

are operated electrically and give either static or dynamic changes
in weight.
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Surface Thermodynamics

For this discussion a few definitions and assumptions nu1st be
made.
a.

Temperature and pressure are constant.

b.

The interface is a gas-liquid interface.

c.

ri represents the number of moles of solute species i per

unit of interfacial area in excess of the number of moles of species
i contained in a volume of bulk solution containing an equal number
of moles of solvent.
d.

The interface is of finite thickness and transitions from

the solution to the gas ph.:1sc take p1ace through this interfac('.
The Gibbs equation, or the Gibbs adsorption equation, can be
stated in the following form

where y is the surface tension in dynes per centimeter and f.li is the
chemical potential of the ith component.

When the dividing surface

of a two component system is selected so that f1 is zero, equation 1
becomes
(2)

dy
The chemical potential is related to the activity by
f.l 2

=

f.l~

+ RT ln a2

(3)

where R is the gas constant in ergs per degree per mole, T is the
temperature in degrees Kelvin and a 2 is the activity of component 2.
f.lo is che chemical potential of component 2 in the pure liquid state
2
under standard conditions of temperature and total pressure.
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Differentiating equation (3) gives the following relationship:

(4)
Substituting equation (4) into equation (2) gives the relationship
in terms of activities
(5)

At low concentrations the assumption may be made that

d ln a = d ln c
where c is the concentration in moles per liter.

(6)

r2 can now be

obtained from a plot of y vs. ln c 2 since substituting equation (6)
into equation (5) gives
r2

= -

r2 =

or

-

1
-RT

~-

(7)

d ln c2

slope of the plot.
RT

(8)

In a pure system this plot has two straight line regions.

The in-

tersection of these two lines will be at the critical micelle concentration (erne).

The critical micelle concentration is that con-

centration of surfactant that is necessary to form aggregates of surfactant molecules, usually spherical, called micelles.

These micelles

are groupings of surfactant molecules or ions that get their hydrocarbon "tails" together and form a sphere of molecules or ions with
the solvent liking portion of the molecule or ion into the solvent.
The plot and the erne will be different for each surfactant.

These

quantities depend on the length of the hydrocarbon chain, the nature
and size of the polar or ionic "head" group of the surfactant and the
solvent.
Workers in the past have frequently found that there is a minimum in the surface tension vs. concentration curve which is a
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contradiction of the Gibbs equation.

Tartar, Sivertz and Reitmeyer

(7) observed this minimum and noted that it occurred at the erne.
They then used this minimum as an indication of the erne.

Lingafelter,

Wheeler and Tartar (8) observed such a minimum as did Powney and
Addison (9) who also observed a minimum in the surface tension vs.
log concentration plot.

This too violates the Gibbs equation and

would not be predicted from thermodynrunic theories.

These minima

have been explained by later workers as caused by impurities in the
system.
Two different methods have been used to verify the theory of
impurities.

One is to start with impure surfactant and recrystal-

lize it until the minimum disappears or to purify it by foam fractionation.

The other method is to start with pure surfactant and

add impurities of a knmm quantity, producing the minimum.
methods have been reported in the literature.
preferred is the addition of impurity.

Both

The system which is

In this way the amount of

impurity can be correlated with the deviations from ideality.
Brady (10} shmved that, with continued foam-fractionation
(continuous bubbling with an inert gas so that the impurities are
attached to the surface of the bubble and are removed from the remaining solution} the minimum in the surface tension vs. concentration curve disappears for the solution and the collapsed foam has a
more exaggerated minimum.

This shows that the impurity is concen-

trated in the foam.
Miles and Shedlovsky (11} studied the effect of dodecanol on
pure sodium dodecyl sulfate (SDS) and found that the addition of

7

dodecanol caused a minimum to appear in the surface tension vs. concentration curve.

They concluded that the presence of a minimum in the

curve indicates that there are present in solution more than one surface active material.

Shedlovsky, Ross and Jakob (12) found that the

minimum in the surface tension vs. log concentration curve does not
appear if the surfactant is prepared carefully and then purified by recrystallization.

Williams, Woodberry and Dixon (13) concur with this

finding by stating that purity was obtained Hhen the minimum in the
curve of surface tension vs. concentration disappeared.
Powney and Addison (1.4) and Clayfield and Matthews (15) both
find that adding salts (NaCl or CaC1 2 ) to a solution of SDS causes a
minimum in the surface tension vs. concentration curve.

Powney and

Addison used an impure solution of SDS, that is one where there was
already a minim1m in the surface tension vs. concentration curve.
The addition of sodium chloride intensified the minimum and the curve
moved closer to the origin with increasing salt concentration.

Clayfield

and Matthews started with a pure solution of SDS and the addition of
calcium chloride created a minimum in the curve and shifted the curve
closer to the origin.

The shifts in the curves correspond to a de-

crease in the erne of the surfactant.
Harrold (16) found just the opposite results.

He. started with an

impure solution of SDS (a very pronounced minimum in the surface tension vs. log concentration curve) and with the addition of sodium
chloride the curve shifted to the left and down but the minimum disappeared.

This type of discrepancy in the literature shows the need

for more work in this area.
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There is another point that is in dispute.

The Gibbs equation

predicts no change with time in the surface tension.

However, sev-

eral authors have found a definite change with time.

Clayfield and

Matthews (15) studied a system of cyclohexane and water with the
addition of methycellulose.

Their results show a dependence of inter-

facial tension on the concentration of the methylcellulose.

As the

concentration of methylcellulose increases, the curve of the interfacial tension vs. time is shifted toward the origin.

The shift in-

creases with an increase in the concentration of methylcellulose added.
Brady (10) observed that continued foam-fractionation gave changes
in the surface tension vs. time curve.

As foaming continued, the sur-

face tension vs. time curve became a straight horizontal line.

Figure

1 shows data that Brady presented in his paper.
Lake, Lawrence and Mills (17) did a time study on the interface
between cetyltrimethylammonium bromide (CTAB) solutions and cyclehexane.

The interfacial tension of the CTAB solutions fell with time

with the exception of the most dilute surfactant solutions.

These

authors state (1957, p. 200) "The need for very long times of aging
for the very dilute solutions is obvious; without aging the error is
at least 4 dynes :i.n between 30 and 40 dynes."
Matijevic, Leja, and Nemeth (18) observed aging during drop formation of "Pure potassium oleate solutions" as well as in solutions
with calcium nitrate added.
p. 1).

They make the follmving statement (1966,

"The measured. surface tensions of calcium oleate suspensions

were strongly dependent on the age of the system.

The longer the time

that elapsed after the mixing of the reacting components, the lo\-ler
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Figure 1.

Surface tension vs. time plot from Brady's (10) data.
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was the surface tension until a steady value was obtained.

The latter

depended on the concentrations of the reactants, and it was usually
reached approximately 3-4 hours after the preparation of the calcium
oleate systems.

Once the steady value was reached the surface ten-

sions did not change over a considerable period of time.

Since the

aging of the droplet and the aging of the solution proceed concurrently
during the drop formation, there is some uncertainty in the actual surface tensions before the steady value is reached.''
Shinoda and Nakayama (19) also observe a change in surface tension with time, and they approach the problem of which value to use
by taking the mean of the values which were measured after sufficient

aging.

This shows that there has been some uncertainty in which value

to use for the surface tension of these solutions.

Some researchers

use the equilibrium values obtained from aging, while others obtain
an average value.

These facts show that more information must be

gathered to solve the problems of which value to use and why the surface tension changes with time.
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EXPERIMENTAL
Preparation of Surfactants and Chemicals

Tetradecylpyridinium bromide and dodecylpyridinium bromide were
both prepared according to the following procedure.

The long chain

bromide (dodecyl or tetradecyl) was placed in a 1 liter round bottomed
flask and then pyridine was added.
anol for 24 hours.

This mixture was refluxed in meth-

The methanol was distilled from the product till

the residue was syrupy, then ether was added and the flask placed in
an ice bath until the crystallization was completed.

The suspension

containing the crystals was filtered using a buchner funnel·.

If the

surfactant was obviously not pure, the crystals were dissolved in a
small amount of methanol, heated to remove as much methanol as possible,
filtered to remove any undissolved particles and ether added until a
milkiness was observed in the area of addition.
This solution was placed in an ice bath to enable crystals to
form as slowly as possible.

These crystals were separated from the

liquid by filtering the solution using a buchner funnel and a vacuum
pump.

This recrystallization process was repeated until the crystals

were very white.

After each recrystallization, the surfactant was

stored in a vacuum desiccator.

The desiccator was pumped with a

vacuum pump to remove as much ether vapor as possible.

If the sur-

factant had a pyridine odor or did not consist of large white crystals,
it was recrystallized.

It was noted that upon purification the yellow-

ish color disappeared and the crystals became somewhat larger.

The

yellowish color came off in the ether-methanol liquid and had the
pyridine odor.
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The ether, pyridine, and alcohols were all used without further
purification.

The ether, pyridine and methanol were purchased from

Fisher Scientific Company.
Continental Oil Company.

The dodecyl alcohol was provided by
The other alcohols, bromotetradecane and

bromododecane were purchased from Eastm&n Kodak.

Purification of Water

All of the water used in this study was distilled twice unless
otherwise stated.

The first still was filled with water obtained

from the nuclear reactor pool at the University of Missouri, because it had been filtered and passed through two ion exchange columns,
one cationic and one anionic.

To this water potassium permanganate

(KMn04) and sodium hydro:dde (NaOH) were added to oxidize any organic
substances in the water.

For 20 liters of water 12 grams of NaOH and

20 grams of KMn04 were added.
of NaOH

At first other workers had used 20 grams

and 10 grams of KMn04.

At that time three stills were used

and it was noted that a build up of white material was found in the
third still.

This sediment would not dissolve in hydrochloric acid,

chromic acid (cleaning solution) or organic solvents such as acetone
and methanol.

It did, however, dissolve in hydrofluoric acid, and

it was thought that it was perhaps silica or some silicate.

The

water that contained this material also had a lower surface tension
than that reported for pure water.
The first still had a reflux column filled with stainless steel
chips.

Water from this still was collected in a polyethylene bottle

since other workers in the laboratory did not require further purification.

It was transferred to another pyrex still which had glass
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beads in the distilling column.

The water from this second still was

condensed directly into a leached polyethylene bottle which had been
prepared by having triple distilled water stand in it for long periods
of time.

The water was dumped and replaced with fresh triple distilled

water several times

until storage in the bottle had no effect on the

surface tension.
At first nitrogen was used to nucleate boiling in the stills,
but this was discontinued when measurements were made on the surface
tension of the water before and after the first distillation.

The

surface tension was lowered by distillation which is contrary to what
is expected.

Perhaps the nitrogen was flushing the oxygen out of the

solution before it had time to oxidize any organics present.

After

discontinuing the nitrogen, Fisher Boileezers were used for nucleation
and the surface tension improved to the literature value.

Surface Tension Measurements
All of the surface tension measurements were accomplished using
the Wilhelmy plate method.

In this method the surface tension is

determined in much the same manner as in the Du Nouy ring method.

The

plate is weighed dry then the cell is raised so that the lower edge of
the plate is just in the water, then the pull on the plate is determined by the difference of the dry weight and the maximum weight on
the plate before it breaks from the surface of the liquid.
Two types of plates were used in this work; a platinum one and
a microscope cover glass.

The microscope cover glass was very diffi-

cult to use because of its fragility.

The method of hanging the plate
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was also a problem.

At first epoxy was used to attach a piece of

copper or chromium wire to the glass plate, but when chromic acid
was used in cleaning the epoxy detached from the plate.

Hydrofluoric

acid was then used to etch a hole in the glass so that a hanger could
be inserted.

This, however, often created a strain on the plate and

the glass would break very easily.

For this reason a platinum plate

with a piece of platinum wire spot welded on to it was adopted.

This

plate was much more satisfactory since it was not as easily broken.
Flaming was tried as a method of cleaning but there seemed to be a
film left since erratic results were obtained.

As a result the plate

was cleaned with chromic acid cleaning solution.
The weighing device was an adapted chainomatic balance which had
one pan and the pan arrest mechanism removed.

A mechanical lift under

the constant temperature cell was installed and holes were drilled to
permit the entrance and exit of water for a constant temperature cell,
maintained at 25°C

t

.OS°C, and one for the entrance of nitrogen gas

to the balance.
The actual measurement of the surface tension took place according to the following procedure.

The plate was cleaned in cleaning

solution, dried (sometimes with the aid of a hair drier) and then
weighed in the nitrogen atmosphere of the balance.

The cell was then

filled with the sample which had been in the constant temperature bath
for at least an hour.
in the cell.

Time started at zero when the surface was formed

The cell was raised until the lower edge of the plate

entered the surface of the sample.

The beam rest was slowly released

so that the beam rested on the knife edge.

When this happened, the
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needle was either indicating too much weight on the pan or too much
pull on the plate.

This was remedied by either pulling the plate

lower, by lowering the lift mechanism under the cell, or by adding
weight to the pan by means of a chain vernier, so that the needle
was brought to zero.

Weight was then added to the pan slowly while

simultaneously lowering the cell to keep the needle at zero until
the plate broke the surface of the sample.

The time of the detach-

ment and the weight required to pull the plate free of the surface
were recorded.
Since the detachment method requires constant disruption of the
surface it is less desirable for a series of measurements where time
is the important variable.

The nondetachment Wilhelmy plate technique

used by Dognon and Abribat (4) and later by Padday (6) is just a
slight adaptation of the method described above.

The platinum plate

is used again but in this method the plate has a line on the lower
edge, or near the lower edge, so that it can be immersed to a specific depth.

The maximum weight that can be placed on the pan and main-

tain the immersion depth while at the same time keeping the balance
pointer at zero is the same weight that is obtained by the detachment
method.

At least the difference is small enough to be considered to

be within the limits of experimental err0r.

The plate is kept immersed

to this depth while the needle of the balance is kept at zero by using
the lift mechanism and the chain vernier.

Thus the plate is never de-

tached from the surface and the surface is not disrupted during the
measurements so that the time measurements are more continuous.

Al-

though this method was trizd it was decided that a cathetometer was
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necessary to determine the constant level on the plate.

Since thi.s was

not available, it was necessary to use the detachment method.
During the surface tension measurements, the balance was always
filled with nitrogen.

At first nitrogen was bubbled through prior to

the surface tension measurements, but since this was small scale flotation and would change the concentration of the alcohol or other impurity it was abandoned.

Instead, the sample was placed in a nitrogen

atmosphere for about a half an hour in order to desorb some of the
carbon dioxide that was in the sample.

The nitrogen in the balance

during the measurements was there to prevent any further adsorption
or absorption of C02 into the system.

Some tests were made and they

showed that when the nitrogen was cut off in the balance the surface
tension dropped with time.

Matheson's high purity dry nitrogen was

used for the surface tension measurements.
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RESULTS
The surface tension of water at 25 degrees centigrade was
72.30

t

.04 dynes/em.

This value was constant for the one to two

hour period over which measurements were made.

This value for the

surface tension is consistent with values found in the literature.
The water used for the solutions that were measured for surface tension vs. time plots was all of the same quality.
Various concentrations of TPB were studied to see if there was
a dependence of the surface tension on time.

Figures 2, 3, 4, and

6 all show that the surfactant solutions that have no added impurity
show no change of surface tension with time.

HO'I;vever, before the TPB

was very carefully purified there was a change.
when the water was not pure.

This also occurred

If the surface tension of water was be-

low 72.30 dynes/em, there was a decrease of the surface tension with
time.
When

organi~

substances were added to the solutions of TPB, the

surface tension always decreased with increasing time until an equilibrium or constant value was reached or the surface was disturbed.

Fig-

ure 2 shows a comparison of pure TPB and the srune concentration of TPB
with dodecyl alcohol (DDOH) added.
Three concentrations of TPB were observed with varying concentrations of impurities.

One comparison of these concentration effects is

shown in figures 3, 4, 5 and 6.

These graphs show that there is an ob-

vious dependence of the equilibrium surface tension on the concentration of the impurity.

The greater the concentration of impurity added,
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the larger the drop in surface tension from the value for the pur0
solution of TPB.
Another factor that affects the drop in surface tension is the
concentration of the TPB itself.

As the concentration of TPB in-

creases, the decrease in surface tension for a given impurity concentration becomes smaller.

Examination of figures 3, 4, and 6 shows

that when the TPB concentration is 1.43 x 10- 4 moles/1 the addition
of 1.29 x lo-7 moles/1 of DDOII causes a drop in the equilibrium surface tension of 6.8 dynes/em, but the TPB solution containing 2.87 x

· l t h e same concentration of
10 - 4 moles/1 on 1 y d roppe d 5 . 0 d ynes I em w1t1
DDOH added and the solution containing 8.45 x 10-4 moles/1 of TPB only
dropped 2.5 dynes/em with the same DDOH concentration added.

This

same type of dependence on the TPB concentration was also observed at
the other DDOH concentrations studied.
Dodecylpyridinium bromide (DPB) was also used as an impurity and
it showed results similar to the DDOH.

The same molar concentrations

of DPB were used as the DDOH and they gave the same trend but the magnitude of the decrease in equilibrium surface tension values was
slightly less than for the DDOH concentrations.
DPB are shown in figure 7.

These trends for the

The differences in the effects of the DPB

and the DDOH are probably due to the differences in the nature of the
head groups.
Decyl alcohol (DOH) was also used as an impurity in the TPB solutions.

The same concentration.

of TPB was used as for the DPB but the

results were much different as can be seen in figure 8.

The initial

drop in the equilibrium surface tension for the 1.29 x lo- 7 moles/1

24

0

5

10

15

20

25

. 30

35

40

45

50

Time in min
Figure 7.

Surface tension vs. time for 2.87 x 10-4 moles/1 TPB with
DPB added.

55

25

57

~

+

TPB

2.87

X

ro-•

moles/1

56
Concentration

55

DOH

+

1.29 X 10- 7 moles/ I
2.58 X 10- 7 molesjl

•

2.58 X 10- 6 moles/!

0

54

of

IE 53
0

VI

cv 52
c
>-

"'0

c 51
c

------+-------+-----+--

0

50
c:
Cl)

....

Q)

Q)

0

49

........
Q

~

(I)

48

47
46
45

0

Figure 8.

5

10

15

30
20
25
Time in min

40

50

Surface tension vs. time for 2.87 x lo-4 moles/1 TPB with
DOH added.

55

26

DOH solution was much greater than for solutions containing the same
concentration of DPB or DDOH.

The more concentrated solutions of DOH

gave very little change in the equilibrium surface tension and the
fall to the equilibrium surface tension was almost the same for all
three concentrations.

The solution of 2.58 x 10-7 moles/1 DOH had an

equilibrium surface tension of 50.42 dynes/em and the value for the
2.58 x 10

-6

moles/1 solution was 48.04 dynes/em.

The equilibrium

surface tensions at the same two concentrations for the DDOH were
50.45 dynes/em and 45.90 dynes/em respectively.
If the surface is not greatly disrupted during the measurements,
the plots of surface tension vs. time can be extrapolated back to zero
time to give an approximate value of the surface tension of the pure
solution at that surfactant concentration.

If, however, the surface

is disturbed, the molecules in the surface are reoriented and the surface tension increases sharply then falls slowly back to the equilibrium
value as can be seen in figure 9.

In this study the surface tension of

the disturbed surface does not climb as high as when the original surface was first formed.
Figure 10 shows a comparison of the equilibrium surface tension
vs. log c curves for the pure solutions of TPB and the TPB solutions
with the addition of various concentrations of DDOH.

This shows that

the increase in the concentration of impurity in the system causes a
big change in the slope of the curves.

The slope for the pure solu-

tion is -8.7 while the 1.29 x 10- 7 moles/1 DDOH has a slope of -6.2
and the 2.58 moles/1 solution of DDOH has a slope of -4.5 and the 2.5
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x lo-6 moles/1 DDOH has a slope of -2.7.

The more concentrated the

solution of DDOH is in the TPB the smaller the slope becomes.

From

this curve the surface excess of the TPB was calculated and was found
to be 3.52 x lo-10 moles/cm2 .

The apparent values for the TPB solu-

tions with impurity added were also calculated and are as follows

'
2.51 x lo-10 moles/cm2 for the 1.29 x 10-7 moles/1 of DDOH, 1.82 x
lo- 10 moles/cm2 for the 2.58 x lo-7 moles/1 solution of DDOH and
1.09 x lo-10

moles/cm2 for the 2.58 x lo-6 moles/1.

These are

apparent values for the surface excess because the Gibbs equation
as used will hold only for a two component system and when impurity
is present it becomes a three component system.
be used, however, for comparison of effects.

These values can

The apparent area per

molecule was calculated and for the pure solution 47 A2/molecule
was calculated.

The 1.29 x 10- 7 moles/1 solution of DDOH has an

apparent molecule area of 67 A2 /molecule and the 2.58 x 10-7 moles/1
solution has an apparent molecular area of 91 A2/molecule the 2.58
x 10-6 moles/1 DDOH gave 150 A2/molecule as an apparent surface area
per molecule.

Thus the apparent area occupied per surface molecule

increases with increasing impurity concentration.

This shows that

an interaction of the surfactant with the impurity must be occurring
to push the surfactant molecules out of the surface.
The effect of the DDOH on the surface tension of the TPB solutions must be a synergistic effect.

The surface tension of the 2.58

x 10-6 moles/! solution of DDOH in water was measured as 71.78 dynes/
em at 25°

c.

This does not help to explain the increase in apparent

surface area per molecule of TPB with the increase in concentration
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of DDOH added.

The two different types of molecules in the surface

must have some kind of interaction to lower the surface tension below what it would be for either pure solution.
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CONCLUSIONS
The surface tension of pure surfactant solutions is constant
with time.

This means that surface tensions reported in the litera-

ture that decrease with increasing time must be for surfactants that
are not purified completely or which are undergoing some chemical
reaction such as hydrolysis.

The impurities used in this study are

all possible contaminants that can occur in the production of the
surfactant.
The fact that the surface tension seems to have an initial value
characteristic of the pure surfactant solution and drops to an equilibrium value that is dependent upon the nature and the concentration
of the impurity added as well as the concentration of the surfactant
used, shows that the value which should be used for the surface tension of a given surfactant concentration should be the value at time
zero for the surface.

Thus in a case where surfactant purity is not

obtained, the surface tension value for the surfactant concentration
should be the initial value or that obtained by extrapolating back to
zero time and not the equilibrium value, since the equilibrium value
will be dependent on factors other than the surfactant itself.
The time dependence can be used as a criterion for purity in the
same manner as the absence of a minimum in the surface tension vs. log
concentration plot.

When the surface tension of a surfactant solution

is independent of time, the surfactant can be considered pure.

This

method of determining purity requires only one solution instead of a
series of solutions and thus requires a smaller amount of surfactant
and less time for making the measurements.
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The use of the equilibrium surface tension for the calculation
of the apparent surface area per molecule leads to erroneous results.
The surface area per molecule appears to triple with the increase in
the DDOH concentration.

This shows further that the surface charac-

teristic of the surfactant is the value found by extrapolating back
to zero time.
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